Cancer cell differentiation is an important field of discussion in the light of cancer stem cells. In a recent study by Herr et al. (2015) "B-RAF inhibitors induce epithelial differentiation in BRAF-mutant colorectal cancer cells" we described how inhibition of mutant BRAF in colorectal cancer cell lines induces cell re-differentiation that is correlated with the loss of tumor growth in vitro and in vivo. We used Illumina HumanHT-12 v4 Expression BeadChip to characterize the gain of differentiation of PLX4720-treated 3D cultures of HT29 and Colo-205 cells. Here, we describe the experimental design and statistical analysis that were performed on the data set leading to the above hypothesis. The data are publicly available at the Gene Expression Omnibus (GEO) database under the accession number GSE50791.
Experimental design, materials and methods

Tissue culture
Three-dimensional (3D) cultures of the colon cancer cell lines Colo-205 [2] (CLS Cell Lines Service GmbH, Heidelberg, Germany) and HT29 [3] (kind gift of Prof. Dr. T. Brabletz, Erlangen, Germany) were set-up as described previously [1, 4] . In brief, 4-well chamber slides (BD Biosciences) were coated with a thin layer of ice-cold Matrigel (75 μl) and incubated at 37°C for at least 30 min to allow solidification of the Matrigel. Subsequently, cells (3-5 × 10 3 cells/well) were resuspended in culture medium containing 2% Matrigel and seeded on top of the solidified Matrigel. The Matrigel-supplemented medium was replaced every 2-3 days.
Inhibitor treatment and cell extraction
HT29 and Colo-205 3D cultures were treated with DMSO or with 3 μM of the B-RAF inhibitor PLX4720 dissolved in DMSO 4 days after seeding. Cells were harvested at three different time points after starting the treatment: at 1, 3 and 8 days for HT29 and at 1,3 and To extract the cells the medium was aspirated and 500 μl recovery solution (BD Biosciences) were added to each well. The cell/gel mixture was scraped into a 15 ml tube using a pipette tip. Following 1 h of incubation on ice the cells were washed twice with 15 ml ice-cold DPBS (centrifugation: 10 min, 1200 rpm, 4°C) and the cell pellet used for total RNA isolation.
RNA isolation and microarray analysis
RNA was extracted using the Universal RNA Purification Kit (GeneMatrix) from Roboklon. RNA quality and integrity were verified using the Agilent 2100 Bioanalyzer system (Agilent Technologies). Biotin-labeled cRNA samples for hybridization on Illumina HumanHT-12 v4 Expression BeadChip (Illumina, Inc.) were prepared according to the Illumina's recommended sample labeling procedure. In brief, 250 ng total RNA was used for complementary DNA (cDNA) synthesis, followed by an amplification/labeling step (in vitro transcription) to synthesize biotin-labeled cRNA according to the MessageAmp II aRNA Amplification kit (Ambion, Inc., Austin, TX). Quality of cRNA was controlled using the RNA Nano Chip Assay on an Agilent 2100. Microarray scanning was performed using a Beadstation array scanner, setting adjusted to a scaling factor of 1 and PMT settings at 430. Data extraction was done for all beads individually, and outliers are removed when N 2.5 MAD (median absolute deviation). All remaining data points are used for the calculation of the mean average signal for a given probe, and standard deviation for each probe was calculated. All arrays were quantile normalized without background subtraction using the Illumina BeadStudio software.
The Illumina probes were annotated with the custom mappings from the Bioconductor R package illuminaHumanv4.db [5] . Probes that were flagged as 'bad', i.e. matching repeat sequences, intergenic or intronic regions, or having 'No match', i.e. without match for any genomic region or transcript, according to the illuminaHumanv4PROBEQUALITY mapping were discarded. The remaining probes were annotated to the EntrezIDs provided by the illuminaHumanv4ENTREZREANNOTATED map. The 'findLargest' function from the R Bioconductor package genefilter [6] resolved the problem, if multiple probes matched the same Entrez gene. The function finds all replicates and selects the one with the largest interquartile rank (IQR) in expression across all samples, finally retaining 19,178 Entrez genes in the Colo-205 and the HT29 array samples.
RNA of both cell lines was hybridized to different Illumina bead chips. After normalization there was a marked difference in the normalized expression values (Fig. 1A) . Due to the unknown contributions of either technical or biological variability we restricted our analysis to comparisons of within cell line differences with respect to treatment and time. A principal component analysis (PCA) [7] on both cell line samples (Fig. 1B and C) confirmed 3D culture growth as the largest influence on gene expression followed by the effect of PLX4720 treatment, which showed in the separation along PC1 and PC2, and is marked in the plots by 'Culture' and 'Treatment', respectively. Furthermore, the duplicates for the HT29 lie close to each other, which demonstrates the reproducibility of the 3D culture.
Due to the similar PCA response patterns between Colo-205 and HT29 we hypothesized that the culture conditions and treatment might elicit similar genes. As we did not have replicate samples for the Colo-205, we performed for both cell lines a moderated F-test using the R 'limma' package [8] on the treatment versus control samples to identify genes that responded differently over time. p-Values from the F-statistic were corrected for false discovery rate estimation according to Benjamini and Hochberg. There was a significant Pearson correlation of r = 0.71 for all differentially genes between PLX4720 and control in both cell lines (adjusted p-value b0.001), supporting our initial hypothesis. A hypergeometric test on the Biological Processes from the human Gene Ontology using the R GOstats package [9] showed a strong involvement of these genes in developmental and differentiation processes (Fig. 2) .
B-RAF inhibition leads to induction of differentiation
The above findings led to the assumption that the effect of PLX4720 reintroduced a differentiation phenotype from the otherwise more stem cell like cancer phenotype. To corroborate in detail the loss of stemness/pluripotency we used the PluriNet gene set [10] as marker for the stemness or inversely the differentiation status of the cells. The marker set consists of 299 genes that were derived from classifying human pluripotent, multipotent and differentiated cells. To assess the overall stemness/differentiation status of the Colo-205 and HT29 cells, we compared the PluriNet gene expression among all NCI60 cell lines [11] . Gene expression had been measured using the Affymetrix Human Genome U133 Plus 2.0 arrays, which we normalized together using robust multichip averaging [12] in conjunction with the custom definition file from Brainarray in Version 17.0 [13] . A principal component analysis separated the samples along the PC1 according to their marker gene expression, predicting the acute lymphoblastic leukemia cell line MOLT-4 as least and the ovary adenocarcinoma derived SK-OV-3 as the most differentiated cells (Fig. 3A) . The significant higher expression of the PluriNet marker genes in Colo-205 cells relative to HT29 (p-value b 10 −10
, one-sided t-test) likewise indicated a higher stemness of the former (Fig. 3B) . To assess the loss of stemness we performed a gene set enrichment using the Generally Applicable Gene-set Enrichment (GAGE) [14] . For analysis we performed an A B C unpaired sample comparison of PLX4720 treated cells on days 3 and 8/10 relative to day 1. We tested for changes in a gene set in the same direction using the per gene fold change and summarizing individual p-values using Stouffer's method. Not surprisingly, GAGE confirmed the reduction of stemness with time ( Fig. 3C ) in both cell lines with a more significant effect in the Colo-205 cells.
Discussion
We described analysis on the two colon cancer cell lines that harbor BRAF V600E mutations. To elucidate the effect of this mutation on carcinogenesis we compared the changes in gene expression of Colo-205 and HT29 3D cultures under B-RAF inhibition over time. While the cell Fig. 3C , it is even tempting to speculate that the Colo-205 cells lose their stemness faster than HT29, as the latter are more differentiated than the former according to Fig. 3B . This is further supported by the stronger up-regulation over time of differentiation markers in Colo-205 that are not part of the PluriNet gene set, e.g., the transcription factors Caudal Type Homeobox 1 and 2 (Fig. 3D) or the various gene products associated with epithelial differentiation and effector functions [1] .
In conclusion, we demonstrated the use of functional analysis in combination with public database data to elucidate the oncogenic mechanisms underlying BRAF mutations in Colon cancer that led to the discovery of novel players and novel therapeutic rationales for using pathway inhibitors in the treatment of this disease.
